Objective. The purpose of this study is to compare early and long-term results in terms of survival and cardiovascular complications of patients with acute traumatic aortic injury who were conservatively managed with patients who underwent surgical or endovascular repair. Methods. From January 1980 to December 2009, 66 patients with acute traumatic aortic injury were divided into 3 groups according to treatment intention at admission: 37 patients in a conservative group, 22 patients in a surgical group, and 7 patients in an endovascular group. Groups were similar with regard to gender, age, Injury Severity Score, Revised Trauma Score, and Trauma Injury Severity Score.
Traditional treatment of blunt traumatic aortic rupture was early open surgical repair with graft interposition. 5 However, subsequent studies suggested that some selected patients with major associated injuries could be managed safely with delayed repair, provided blood pressure and contractility were adequately controlled. 6 and 7 Effective control of blood pressure with beta-blockers or other antihypertensive medications remains the cornerstone of safe delayed operations. Nevertheless, in some patients a definitive conservative approach and medical management are chosen. The long-term safety of conservative management and its effect on outcomes are poorly documented. Most studies focus only on in-hospital mortality and morbidity, which has led to a lack of information on the long-term outcomes of patients treated nonoperatively.
This study, based on 30 years of experience, compares early and long-term results in terms of survival and cardiovascular complications of patients with ATAI who were conservatively managed and patients who underwent a surgical or an endovascular repair. To the best of our knowledge, this is the largest single-center series of definitively nonoperatively managed ATAI reported in the literature.
Patients and Methods
From January 1980 to December 2009, 72 patients were admitted to the Complejo Hospitalario Universitario de A Coruña with ATAI. Six patients were excluded from the analysis because of deficient documentation of the time from injury to procedure or in extremis status on arrival. Data collection included age, gender, mechanism of injury, initial clinical presentation (blood pressure, Glasgow Coma Scale), Injury Severity Score (ISS), 8 Abbreviated Injury Score for each body area (head, chest, abdomen, extremities), Revised Trauma Score (RTS), 9 Trauma Injury Severity Score (TRISS), 10 method of diagnosis (computed tomography scan, angiography, transesophageal echocardiogram, magnetic resonance imaging), initial type of aortic injury (intramural hematoma without intimal tear; partial intimal tear < 10 mm; aortic transection/circumferential tear or intimal tear > 10 mm; aneurysm/pseudoaneurysm), site of aortic injury (aortic root-ascending aorta; aortic arch; aortic isthmus; mid or distal descending thoracic aorta), and type of definitive management (conservative, open repair, or endovascular repair).
An ISS of more than 50 points predicts a mortality rate of more than 50%, whereas a score of more than 70 points predicts a mortality rate of approximately 100%. 8 The TRISS directly predicts the expected death rate for blunt trauma. 10 Patients were classified for an ISS more than 50 points and a TRISS greater than 50% mortality to determine whether these high scores, which involve a high mortality in patients with multisystem trauma, may also predict an unfavorable course in nonoperated traumatic aortic injuries.
For the purpose of statistical analysis, the initial type of aortic injury was later divided into 2 categories: minor, including intramural hematoma without intimal tear and intimal tear less than 10 mm, or major, including transection, intimal tear more than 10 mm, and aneurysm/pseudoaneurysm.
The patients studied were divided into 3 groups (conservative, surgical, and endovascular) according to primary intended treatment. Patients were assigned to the conservative group when the initially intended management was indefinite nonoperative therapy. The criteria for primary intended treatment had been strictly recorded and justified in every patient history chart by the multidisciplinary team who approached each patient on admission. Obviously, these criteria have not been consistent over the observation period of 30 years. The criteria of patient management were modified with the incorporation of endovascular thoracic aorta stent-grafting based on a modern risk-benefit evaluation and critical assessment of comorbidity status. Emergency (<24 h) endovascular aortic repair was available at our institution only since January 2003 because of the need for an in-hospital stock of thoracic aortic endografts. The flowchart in Figure 1 depicts the modification in patient management since the incorporation of emergency aortic endografting at our institution. Indeed, only 2 patients required open surgical repair since 2003, and those patients were not suitable candidates for an endovascular repair because of anatomic considerations. The nonoperative group included patients not initially considered for surgical or endovascular intervention because of 1) patient or family decision based on religious issues (6 patients) and 2) clinical judgment (12 low-risk patients, including patients with an intramural hematoma without intimal tear or an intimal flap < 10 mm, and 19 high-risk patients, including those with severe associated injuries, advanced age, or other severe premorbid conditions). Two patients from the conservative group required emergency surgical or endovascular treatment because of in-hospital aortic-related complications during the first 15 days of hospitalization. None of those crossover patients were assigned to the surgical or endovascular group because their initial intended treatment was conservative. The surgical group included those patients who required surgery during the 48 first hours after admission because of hemodynamic instability caused by aortic injury. The endovascular group included patients who required aortic endografting during the first 48 hours after admission because of an aortic injury in the context of blunt thoracic trauma.
The primary outcomes measured were in-hospital mortality, late mortality, and long-term survival free from aortic-related complications. Secondary outcomes measured included length of intensive care unit (ICU) and hospital stay.
Conservative Treatment
Conservative treatment consisted of strict control of both contractility and blood pressure by continuous hypotensive infusions, such as beta-blockers (labetalol) and arterial vasodilators (sodium nitroprusside and calcium-blocking drugs), in patients with normal or high blood pressure. Systolic blood pressure was also maintained at more than 120 mm Hg with intensive intravenous fluid infusion. Antihypertensive therapy was changed to oral administration when the patient was hemodynamically stable. Regular radiologic follow-up was indicated after discharge with a control thoracic computed tomography scan at 1, 3, 6, and 12 months and then annual cardiovascular magnetic resonance scans. In both cases the primary intended treatment was surgical repair, but it was temporarily delayed to determine the patient's neurologic prognosis.
Open Surgical Repair
An aortic prosthesis was used in 14 patients, and direct suturing of the injured aorta was performed in 8 patients. A left heart bypass was established in 12 patients, and cardiopulmonary bypass was selected in 2 cases. In the remaining 8 patients, surgery was performed without cardiopulmonary support by using a simple clamping technique (clamp and sew).
Endovascular Stent-Graft Treatment
Seven patients underwent emergency (<24 hours) endovascular repair in our series. Endovascular stent placement procedures were performed in the operating room with patients receiving general anesthesia, as we previously reported. 11 Access was via the right common femoral artery in all patients. Thoracic aortic endovascular repair was performed in the first 2 patients with the Talent thoracic stent-graft and in the other 5 patients with Valiant thoracic stent-grafts (Medtronic, World Medical Manufacturing Corp, Sunrise, Fla). All patients required a single stent-graft to cover the lesion. No patient required covering of left subclavian artery.
Statistical Analysis
The SPSS statistical program for Windows version 17.0 (SPSS Inc, Chicago, Ill) was used to perform data analysis. Data are expressed as mean and standard deviation or as median and range, when appropriate. Outcomes were compared among groups for the total study population, using 1-way analysis of variance (with Bonferroni adjustment) and multivariate analysis. When needed, for bivariate analysis, proportions were compared with contingency tables by means of chi-square or Fisher exact tests, and the Student t test or Mann-Whitney rank-sum test was used to compare means.
Cox regression analysis was used to compare the different influence on mortality among the study groups, adjusting for sex, age, TRISS, and aortic injury type. The adjusting variables were selected according to their clinical relevance in patients with multisystem trauma and previously published literature. Adjusted hazard ratio, 95% confidence intervals, and P values were derived.
Bivariate analysis was used to identify variables of potential influence in the probability of developing aortic-related complication during follow-up in the conservative group. Cox regression analysis was used to confirm or reject these variables as influencing factors in the probability of complication. Adjusted hazard ratio, 95% confidence intervals, and P values were derived.
Actuarial estimates of survival were accomplished with Kaplan-Meier methods. Differences in probability of survival among the 3 groups were analyzed with the log-rank (Mantel-Cox) test.
Results

In-Hospital Results
Most patients were male (86.3%) with a mean age of 39.6 ± 17.3 years, including 21.2% of patients aged more than 55 years. Expected mortality at admission was 50% or greater according to an ISS greater than 50 points in 25.7% of patients, whereas overall mean expected death rate calculated by TRISS was 50.9% ± 24.2%. A total of 31.1% of patients had at least 1 severe extrathoracic injury with AIS greater than 3. Epidemiologic and clinical characteristics of the study patients are shown in Table 1 . The study population was divided into 3 groups according to treatment intentions at admission: 37 patients in the conservative group, 22 patients in the surgical group, and 7 patients in the endovascular group. Average age was significantly lower in the open surgical group, and the conservative group presented a higher proportion of patients aged more than 55 years ( Table 1 ). The 3 groups were similar with regard to gender, presence of severe extrathoracic injuries, and expected mortality calculated by ISS, RTS, and TRISS ( Table 1 ). The cause of aortic injury was rapid deceleration from blunt thoracic trauma resulting from different mechanisms summarized in Table 2 . Most aortic injuries occurred at the isthmus level (65.2%) followed in frequency by the mid and distal thoracic descending aorta (24.2%). Lesion at the aortic arch appeared in 10.6% of patients. There were statistically significant differences in the types of aortic injury (intramural hematoma without intimal tear; partial intimal tear < 10 mm; aortic transection/intimal tear > 10 mm; aneurysm/pseudoaneurysm) among the 3 study groups (Table 3) . Patients in the conservative group had a significantly smaller proportion of high-severity aortic injuries (transection/intimal tear of > 10 mm) compared with patients in the surgical and endovascular groups, whereas there were no significant differences between the surgical and endovascular groups, which both presented a high proportion of high-severity aortic injuries (24.3% in the conservative group compared with 86.4% and 85.2% in the surgical and endovascular groups, respectively, P < .001). Overall in-hospital mortality was 18.2%: 21.6% in the conservative group, 22.7% in the surgical group, and 14.3% in the endovascular group. There was a clear trend toward higher in-hospital mortality in the conservative group, but it was not statistically significant (P = .57). Causes of death are summarized in Table 4 . As can be observed, most overall causes of death were directly related to ATAI complications: free aortic rupture in 58.3% of deaths and mesenteric ischemia caused by distal organ malperfusion in 8.3% of deaths. Although there were no statistically significant differences among groups in all-cause mortality, all aortic-related complications and aortic-related mortality occurred in the conservative group (100% conservative vs 0% in both surgical and endovascular groups, P < .001). Although the conservative group had shorter ICU and in-hospital stays than the surgical and endovascular groups, these differences were not statistically significant. The overall median ICU stay length was 16 days (range, 0-123 days). The median ICU stay length was 12 days (range, 0-61 days) in the conservative group, 14 days (range, 0-123 days) in the surgical group, and 20 days in the endovascular group (range, 0-45 days) (P = .46). The overall median in-hospital stay length was 30 days (range, 0-228 days). The median in-hospital stay length was 26 days (range, 0-203 days) in the conservative group, 29 days (range, 0-228 days) in the surgical group, and 30 days (range, 0-115 days) in the endovascular group (P = .79).
No patient in the surgical group presented paraplegia after the aortic repair. However, postoperative left phrenic nerve palsy occurred in 3 patients and bilateral palsy occurred in 1 patient after open surgical repair. Ischemia from femoral arterial occlusion developed in 1 patient, and femoral arterial thrombosis at the cannulation site developed in 1 patient; both had undergone open repair with left heart bypass and required surgical repair of the femoral artery. Patients treated with endografting had no neurologic or device-related complications.
Long-Term Results
After hospital discharge, clinical and imaging follow-up was available in all patients at a median of 75 months (range, 5-327 months). Overall survival estimated by the Kaplan-Meier method, including early mortality, was 81.8% at 1 year, 75.1% at 5 years, and 72.7% at 10 years. Conservative group survival was 75.6% at 1 year, 72.3% at 5 years, and 66.7% at 10 years ( Figure 2 ). Surgical group survival remained at 77.2% at 1, 5, and 10 years ( Figure 2 ). The endovascular group presented a survival of 85.7% at 1 and 5 years, but none of these patients have reached a 10-year follow-up yet (Figure 2) . Although there is a clear trend toward a higher long-term survival in the endovascular group, no statistically significant differences in group survival were detected (log-rank test P = .59). Cox regression revealed no differences among groups after adjusting for sex, age, initial type of aortic injury, and TRISS. After hospital discharge, 11 of the surviving 29 patients (37.9%) in the conservative group had an aortic-related complication that required surgical or endovascular repair or caused the patient's death during the follow-up period. No patient from the surgical or the endovascular group required reintervention because of an aortic-related complication during the follow-up period (37.9% in conservative group vs 0% in both surgical and endovascular groups, P = .004). Cumulative survival free from aortic-related complications in the surviving patients of the conservative group after hospital discharge (n = 29 patients) was 93% at 1 year, 88.5% at 5 years, and 51.2% at 10 years ( Figure 3) . Late aortic-related complications were 2 free aortic ruptures, which occurred between months 1 and 3 after blunt thoracic trauma and with both patients attending ambulatory rehabilitation; 1 progression of an initially localized dissection with distal perfusion impairment; and 8 cases of formation of posttraumatic pseudoaneurysm. Both free aortic ruptures and the progression of dissection led to the patient's death. All of the posttraumatic pseudoaneurysms were eccentric saccular aneurysms greater than 2 cm in diameter, with a total aortic size greater than 5 cm, and all required surgical repair. Bivariate analysis suggested sex, age, initial type of aortic lesion, TRISS greater than 50%, and ISS greater than 50 points as variables of potential influence relative to the probability of developing aorticrelated complications in the conservative group. Nevertheless, Cox regression only confirmed the initial type of aortic lesion (hazard ratio, 2.94; P = .002) and TRISS greater than 50% (hazard ratio, 1.49; P = .042) on admission as risk factors for the appearance of aortic-related complications during followup. Indeed, all 18 patients in the uncomplicated nonoperative group presented low-risk aortic injuries (hematoma without intimal tear or intimal tear < 10 mm). Moreover, ISS, RTS, and TRISS at the time of hospital admission were significantly lower in the uncomplicated nonoperative group than in those of the 11 patients in the complicated group. However, there were no significant differences in age and sex between complicated and uncomplicated nonoperative groups.
In the 18 patients of the conservative group without aortic-related complications during follow-up, 10 had complete radiographic resolution of their injuries, whereas the remaining patients had asymptomatic and radiographically stable residual injuries.
Discussion
Long-term outcomes of patients with ATAI in whom a definitive nonoperative approach is selected remain obscure. With a median follow-up of 75 months, we have found that, although there were no significant differences in in-hospital and long-term survival among groups, 37.9% of nonsurgically managed patients had an aortic-related complication after hospital discharge, which led to the patient's death or required surgical or endovascular repair. We also identified 2 peaks of high complication rates in the natural history of conservatively managed patients.
In the late 1950s, Parmley and colleagues 12 reported a death rate at the scene of as high as 85% and a subsequent mortality rate in nonoperated survivors of 1% per hour for the first 48 hours. Those data led to the traditional emergency surgical approach to aortic injuries after blunt thoracic trauma. Moreover, surviving patients include approximately 5% who are hemodynamically unstable or deteriorate within 6 hours of admission, leading to in-hospital mortality as high as 90% or more. 13 Although the traditional approach to ATAI has been emergency (<24 hours) surgical repair, currently there is a trend toward delayed repair (open or endovascular). Several studies have suggested that some patients with major associated injuries, 7 or even with no severe associated injuries or major comorbidities, 14 can be safely managed with delayed repair, provided blood pressure and contractility are adequately controlled.
Effective control of blood pressure and contractility with beta-blockers or other antihypertensive medications remains the cornerstone for medical management of aortic injuries after blunt thoracic trauma. According to the Recommendations of the European Society of Cardiology Task Force on Aortic Dissection, 15 control of blood pressure and contractility is of utmost importance in traumatic aortic dissection, regarded as a class 5 aortic dissection, to avoid progression to frank aortic rupture. Delayed repair may permit better resuscitation and performance of the procedure under more optimal conditions and perhaps reduce the risk of complications, especially paraplegia. 16 Definitive nonoperative management may be chosen in patients in whom a hemodynamically stable situation is achieved with medical therapy, especially if major extrathoracic injuries are associated. In our study, in-hospital mortality was similar in the 3 groups, but with a slightly lower in-hospital death rate in the endovascular group (14.3% in the endovascular group vs 21.6% and 22.7% in the conservative and surgical groups, respectively, P = .57). In contrast, the expected mortality at hospital admission tended to be higher in the endovascular group according to the trauma scores, although this difference was not statistically significant. Indeed, all the in-hospital aortic-related complications (free aortic rupture or progression of dissection) occurred only in the conservative group and led to a switch to an endovascular or surgical management or directly to patient death.
Although it was not significant, both ICU and in-hospital stay lengths tended to be shorter in the conservative group. We can easily explain this finding because the length of in-hospital stay in patients with multisystem trauma is usually determined by the severity of the extrathoracic injuries and not by the cardiovascular injuries.
Holmes and colleagues 17 reported the results of a study of 30 patients with ATAI classified in a group treated with delayed surgery or in a nonoperatively managed group with a median follow-up of 2.5 years. In that report, one third of patients from the nonoperative group died within the first 5 days, and, in contrast with our study, nonoperatively managed patients were significantly older and tended to be more severely injured according to the ISS. However, their data were clearly limited by the small numbers of patients involved. By contrast, with more than double the number of patients and a median follow-up of 6 years, our study showed that patients who underwent nonsurgical management have a greater long-term probability of aortic-related complications developing after discharge than the surgical or endovascular groups (37.9% vs 0%, P = .004). Moreover, the long-term survival tended to be poorer in the conservative group than in the surgical and endovascular groups (72.3% in the conservative group compared with 78.2% and 85.7% in the surgical and endovascular groups at 5 years, P = .18).
In 2002, Kepros and colleagues 18 reported a mini-series of 5 patients with conservative management after ATAI in whom complete resolution of small intimal tears (<20 mm) was documented by transesophageal echocardiography between 3 and 19 days. After a review of nonoperative series in the literature, the largest one including 19 patients, Hirose and colleagues 19 concluded that nonoperative management of ATAI may be the treatment of choice in selected patients, especially those with multiple associated injuries or severe comorbidity and those with an aortic flap less than 10 mm.
Caffarelli and colleagues 20 recently reported the early outcomes of 29 patients who underwent planned nonoperative management with a survival of 97% at a median of 1.8 years (range, 0.9-7.2 years). They concluded that deliberate, nonoperative management of carefully selected patients with traumatic blunt aortic injury may be a reasonable alternative in patients with multisystem trauma. However, serial imaging and long-term outcomes (survival and aortic-related complications) remained obscure.
Although some authors 21 have reported that chronic thoracic aortic aneurysm develops in only 7% of patients with a history of untreated ATAI, we have found that the aortic injury progressed to a posttraumatic aneurysm in 8 (27.5%) of the 29 patients in the conservative group who survived and were discharged from hospital. Furthermore, as we have previously pointed out, all of them required late surgical or endovascular repair of the aneurysm during the follow-up period.
Our experience is consistent with the literature to date in many respects, yet provides some new insights on the nonoperative treatment of ATAI. Long-term follow-up has been essential to determine whether nonsurgical management has had any impact on the natural history of the aortic injury. Our study detected 2 peaks in the complication rate of the nonsurgical group. The first peak occurred during the first week and mainly affected those patients with a major or borderline aortic radiologic injury. The second peak appeared between the first and third months after blunt thoracic trauma. Indeed, 2 patients from the conservative group had a critical aortic-related complication (free aortic rupture) between months 1 and 3 after thoracic trauma. Both of them presented an aortic intimal tear greater than 10 mm.
The introduction of thoracic aorta stent-grafts has revolutionized the definitive management of ATAI. Thoracic aortic endografting for ATAI was used initially in those with high-risk multiple injuries or elderly patients, but in many centers it has now become the initial procedure of choice, even in young or low-risk patients. Advantages of endografting include avoidance of thoracotomy, single-lung ventilation, aortic crossclamping, and left heart or cardiopulmonary bypass. Endovascular aortic repair also requires considerably less time and can be done expeditiously in relatively unstable patients. A systematic review by Akowuah and colleagues 22 showed that operative mortality and postoperative paraplegia rates were significantly less for thoracic endografting compared with open surgical repair (7% vs 19% [P < .01] and 1% vs 6% [P < .01], respectively). Nevertheless, the authors stressed that long-term outcomes are poorly documented.
A multicenter, prospective study of the American Association for the Surgery of Trauma, which included 193 patients, compared outcomes of endografting in ATAI with standard operative repair. Endovascular aortic repair was associated with significantly lower mortality and fewer blood transfusions, but reported a considerable risk of serious device-related complications.
14 However, a word of caution must be posed because the long-term results with endovascular repair are not known and aortic endografting may involve device-related complications such as stent collapse. 23 and 24 In the same year, a meta-analysis of retrospective cohort studies indicated that endovascular treatment of descending thoracic aortic trauma is an alternative to open repair and associated with lower postoperative mortality and ischemic spinal cord complication rates. 25 The Expert Opinion Committee of the Society of Thoracic Surgeons and the American Association of Thoracic Surgeons suggested that both acute and chronic traumatic aortic injuries be considered for treatment with endografts. 26 Thoracic aortic endografting was also recommended as first-line treatment for ATAI in the ACC and AHA ACC new practice guidelines for the management and treatment of thoracic aortic disease. 27 In our series, based on a 30-year experience, severe aortic-related complications developed after hospital discharge in 37.9% of patients nonoperatively managed, especially in the period before endovascular therapy was available. The natural history of those patients would have justified an early endovascular repair in most of the conservative group. Multidetector computed tomography has a sensitivity of 96.0%, specificity of 99.8%, positive predictive value of 92.3%, negative predictive value of 99.9%, and accuracy of 99.8% in ATAI diagnosis. 28 With the advent of multidetector computed tomography and in combination with the invaluable data provided by transesophageal echocardiography, especially in intubated patients, we currently perform an accurate stratification of the aortic injury according to the risk of aortic complication and perform an early endovascular repair whenever possible in all ATAIs, except in aortic intramural hematoma with no identifiable intimal tear and in small intimal tears less than 10 mm, which are the lowest risk injuries in which indefinite delay in repair may be allowed.
Limitations
This study presents the limitations inherent to any retrospective series. The conservative group was more heterogeneous and included low-risk patients, the majority of whom could be managed safely with serial imaging (eg, intramural hematoma) and in whom one would expect a low mortality, and the most highrisk patients (eg, elderly patients, those with severe associated comorbidities), in whom we would expect a higher mortality and an increased complication rate. Nevertheless, the 3 groups were similar with regard to gender, age, presence of severe extrathoracic injuries, and expected mortality calculated by current trauma scores (ISS, RTS, and TRISS). The criterion of primary intended treatment (conservative, surgical, or endovascular management) was not consistent during the observation period of 30 years and was modified with the inclusion of technologic advances in both diagnostic and therapeutic fields, especially with the spread of thoracic aortic endografting. Although the patient population in the present study reflects the wide clinical spectrum of ATAI seen in patients with multisystem trauma, and considering that ATAI is not a common entity, the total number of patients is generally small and the present study lacks sufficient statistical power to determine with confidence some clinical relevant differences. However, the strength of this study lies in the long-term results of the largest single-center reported series of patients managed medically after an ATAI.
Conclusions
The advent of thoracic aortic endografting has enabled a revolution in the management of ATAI in patients with multisystem trauma with a low in-hospital morbimortality. Thus, nonoperative management may be only a therapeutic option with acceptable survival in carefully selected patients with multiple severe associated injuries or high-risk comorbidities or in patients in whom the aortic repair should be delayed to optimize the results. The natural history of these patients has revealed a marked trend in late aortic-related complications developing, which may justify an endovascular repair even in some low-risk patients. Moreover, the potential for rapid progression of ATAI in the same patients mandates serial radiologic controls during the first 3 months after injury and diagnosis and then annually.
